IMPORTANCE Cough is one of the most common reasons why children visit a health care professional.
C ough is a frequent symptom in infants and toddlers and is one of the most common reasons why children visit a health care professional. 1 It is particularly bothersome at night, as evidenced by a recent study 2 of the effect of cough on sleep for infants with colds, which found that cough disturbed the sleep of 88% of the children and 72% of their parents. For such a common and bothersome symptom, the desire for effective therapies is high, but little evidence supports the use of over-the-counter medicines for acute cough, particularly in younger children. 3, 4 Moreover, the US Food and Drug Administration has issued a warning that over-thecounter cough and cold medicines, including antihistamines, decongestants, antitussives, and expectorants, should not be administered to children younger than 2 years owing to safety concerns and the lack of proven efficacy. 5 An alternative to pharmaceutical products for the treatment of cough is honey, a food used by many cultures around the world to relieve cough. 6 A randomized study 7 of the effect of a single dose of buckwheat honey, honey-flavored dextromethrophan, or no treatment administered 30 minutes before bedtime found that parents rated honey most favorably for symptomatic relief of their child's nocturnal cough and the sleep difficulty due to upper respiratory tract infection. Similar results indicating the effectiveness of honey were discovered in 2 other trials. 8, 9 Unfortunately, children younger than 1 year are precluded from consuming honey owing to concerns of Clostridium botulinum spores found in it that can lead to infant botulism. 10 The consumption of agave nectar, a product with properties similar to those of honey, has not been associated with botulism to our knowledge, but no studies to date have evaluated its use for nocturnal cough. We hypothesized that the demulcent effect and sweet taste of agave nectar would provide relief for cough in children similar to that of honey. As such, we compared the effect of a novel formulation of pasteurized agave nectar vs placebo and no treatment on nocturnal cough and the sleep difficulty associated with nonspecific acute cough in infants and toddlers, a group with high need for therapy but few available means of symptom relief.
Methods
The study was approved by the Penn State College of Medicine Human Subjects Protection Office and was registered at http://www.clinicaltrials.govbefore enrollment of the first participant. From January 28, 2013, through February 28, 2014, patients were recruited from 2 university-affiliated outpatient, general pediatric practices in Hershey and Elizabethtown, Pennsylvania. Eligible patients were 2 to 47 months old with nonspecific acute cough duration of 7 days or less. Other symptoms may have included fever, congestion, and rhinorrhea, as well as other common comorbid findings. Patients were excluded if they had signs or symptoms of a more treatable disease (eg, asthma, pneumonia, or laryngotracheobronchitis). They were also ineligible if they had a history of asthma, chronic lung disease, or other severe chronic diseases. Those with allergies to agave nectar or grape flavoring were excluded. Finally, patients were excluded if they had used any medication or honey to treat cough within 6 hours of bedtime on the evening before or on the day of enrollment.
After written informed consent was obtained, each child was randomized in a partially double-blind scheme to one of the following 3 study groups: (1) pasteurized agave nectar (with natural grape flavoring, citric acid, sodium citrate, and potassium sorbate) from Zarbee's Inc, (2) natural grape-flavored water with caramel color (placebo), and (3) no treatment ( Figure 1 ). For the 2 study groups receiving a study treatment, the dose volume distributed was stratified by age, with 3 mL for ages 2 to 5 months, 4 mL for ages 6 to 23 months, and 5 mL for ages 24 to 47 months. The randomization sequence was constructed by a statistician not affiliated with the study and was used to assign study groups stratified by age category with mixed block sizes. All study parents were instructed on routine care for children with nonspecific acute cough, including hydration measures, saline nasal spray use, and the use of acetaminophen or ibuprofen (for ages ≥6 months) as needed for comfort. Parents were asked not to give honey or any ex- Trained study coordinators (including J.R.V.) were responsible for survey administration, and survey responses ranged from the most severe symptoms (7 points) to no symptoms (1 point). Minimum symptom severity criteria for enrollment were established. Only parents answering at least "moderately often" or "moderately severe" on at least 2 of 3 questions related to cough frequency, cough effect on child sleep, and cough effect on parent sleep based on the previous night's symptoms were eligible. To maintain investigator blinding, all study group participants received an opaque paper bag containing an opaque syringe filled with agave nectar, placebo, or no treatment. Thirty minutes before their child retired for the evening, parents opened their opaque bag and removed the syringe. Following this, for the agave nectar and placebo groups, parents were instructed to administer the entire contents of the syringe to their child.
A second survey, asking the same questions related to the child's illness as those answered at enrollment, was completed by parents within 30 minutes of waking the morning following the above procedures. Questions were included to assess additional treatments, including analgesics and saline nasal spray use. Specific questions were asked about adverse effects such as hyperactivity, sleepiness, headache, and rash. Finally, parents were asked what treatment they thought their child had received. Blinded study coordinators contacted parents during that day to retrieve responses. A physician examination was not routinely performed on the second study day.
Sample size calculations indicated that 120 participants (40 per study arm) would have 80% power to detect a 0.5-point difference between the study groups incrementally for the primary efficacy measure of change in cough frequency between the first night and the end of the second night. This calculation assumed α = .05 and an SD estimated at 1.35. The sample size estimate included a 5% withdrawal or loss to follow-up rate. In addition, this sample size provided 88% power to evaluate a test of trend among the 3 study groups within the analysis of variance framework.
Baseline and demographic features were compared among study groups using χ 2 test and Fisher exact test where appropriate for sex and race/ethnicity and F test for weight and age. Within-group comparisons for the 2 nights were conducted using paired t test. Between-group comparisons were conducted by analysis of covariance, which was deemed appropriate after assessment of the outcome variable distribution.
For the primary analysis of treatment effect, the outcome of between-night change included baseline scores as a covariate. Following a hierarchical analysis plan, if the overall comparison among the 3 study groups (2 df) was significant at P < .05, then pairwise comparisons across the 3 groups were performed. Fisher exact test was used to compare adverse reaction rates between treatments.
Results
One hundred twenty-five children with nonspecific acute cough were enrolled, and 119 (95.2%) completed the singlenight study. The mean (SD) age of the children completing the study was 22.9 (14.0) months (Table) . Fifty percent of these participants were female, and 86.6% were described by their parents as being of white race/ethnicity and non-Hispanic. The cohort had been coughing a mean (SD) of 4.0 (1.5) days before enrollment. Thirty-nine children completing the study were randomized to the agave nectar group, while 40 children were randomized to each of the other study groups. No demographic or baseline symptom severity differences were observed between the study groups. The baseline symptom scores describing the night before enrollment (when no participants received treatment) were compared with scores from the subsequent night (when agave nectar, placebo, or no treatment was given before bedtime), and within each study group all outcomes were significantly improved on the subsequent night (P < .05 for all). When separated by study group, significant differences were detected in the amount of improvement reported for all study outcomes except for cough bothersomeness to the child in the planned 3-way comparison (Figure 3) . Because differences existed for all outcomes except one, pairwise comparisons were then performed. For all outcomes except for cough bothersomeness to the child, the agave nectar and placebo groups had significant improvement compared with the no treatment group, but no differences were detected for any outcome between the agave nectar and placebo groups.
A combined symptom score was calculated using all study outcomes, including cough frequency, cough severity, congestion severity, rhinorrhea severity, and cough effect on child and parent sleep. Again, agave nectar and placebo were superior to no treatment, but no significant differences were detected between the agave nectar and placebo groups.
To help understand parent ability to judge their child's nocturnal symptoms, parents quantified the number of times they checked on their child between the time the child went to sleep and the time he or she awoke. On the night before enrollment, parents reported checking their child a median of 4 (interquartile range, 2.5-5) times; they also checked their child a median of 4 (interquartile range, 2-4) times on the treatment night. No significant difference was detected between the study groups for either night.
Several secondary analyses were conducted. First, no effect of illness duration was observed on treatment effect. Next, parents were asked about other therapies used on the treatment night before and after the treatment bag was opened, with no significant differences between the study groups found for any remedy.
Given that honey is not recommended for children younger than 1 year, a subgroup analysis was performed for the 30 children in this age category. For all outcomes, agave nectar resulted in more than a 0.5-point greater improvement compared with placebo (the a priori definition of a clinically meaningful difference), a finding limited by the small subgroup sample size and the reduced power to detect a statistically significant finding. The symptom reductions between the first and second nights comparing agave nectar vs placebo among children younger than 1 year all showed greater improvement with agave nectar and were as follows: −2.5 vs −1.7 for cough frequency (difference, 0.8; 95% CI, −0.6 to 2.3), −2.6 vs −1.8 for cough severity (difference, 0.8; 95% CI, −0.7 to 2.2), −2.9 vs −1. Adverse effects were uncommon in the study, with 5 reported in the agave nectar group, 6 in the placebo group, and none in the no treatment group. No significant differences were observed between the study groups for any individual adverse event.
Seventy-seven percent (30 of 39) of agave nectar group parents and 47.5% (19 of 40) of placebo group parents guessed their child's study group correctly. Among the no treatment group, 4 parents erroneously answered placebo and 1 parent erroneously answered agave nectar when reporting their child's treatment the night before enrollment, with 87.5% (35 of 40) reporting their child's study arm correctly. the antioxidant activity of honey. 13 However, placebo effects are common in pediatric clinical trials, 14 including studies [15] [16] [17] [18] [19] [20] [21] [22] attempting to investigate treatments for cough and cold symptoms. Among studies of antitussive use in adults, Eccles 23 estimated that in 85% the treatment response can be attributed to a placebo effect, rendering the identification of pharmacologically beneficial remedies difficult. For infants and toddlers, providing relief may be even more difficult because anecdotal experience suggests that rhinorrhea and nasal congestion may be greater contributors to discomfort and sleep disruption than for older children and adults. Alternatively, the intriguing (although not statistically significant) findings among children younger than 1 year suggest that further evaluation among a larger cohort in this age group may be warranted. This group is the most germane to therapeutic measures for upper respiratory tract infection given that evidence-based therapies such as honey and topical vapor rubs containing camphor, menthol, and eucalyptus oils are not recommended for these children.
24,25
The negative findings herein may actually strengthen the validity of 3 studies 7-9 demonstrating the beneficial effects of honey for children as young as 1 year. Each of those trials used almost identical methods as in the present study with agave nectar, but while the effects of agave nectar were indistinguishable from those of placebo, several varieties of honey were used in those trials, and each has shown added benefit beyond placebo. This study is somewhat limited by the fact that each child had a physician visit between the 2 nights of the study, which may explain some of the improvement in all study groups, including the no treatment group. The finding that differences existed between the 2 active arms and the no treatment group suggests that parents receive some added level of reassurance by administering a potential remedy to their child. Alternatively, much of the improvement can also be attributed to the natural history of upper respiratory tract infections, which generally improve with time and supportive care. The subjective survey used for this study may also be considered by some to be a limitation, but health care professionals and parents often make decisions based on subjective assessment of symptom severity, as has been shown previously. 15, 17 Furthermore, the survey used in this study was shown to be valid and reliable in the longitudinal assessment of pediatric cough. 11 Another potential limitation is that compliance with medication administration could not be guaranteed, although every parent reported that the treatment was taken by their child without difficulty regardless of the randomization arm, but the lack of treatment in one of the study arms could be viewed as causing biased results in that treatment arm.
Conclusions
While the results of this study did not demonstrate that agave nectar was superior to placebo for the treatment of nonspecific acute cough, the desire to ease cold symptoms and its associated sleep disruption is great. Both physicians and parents want symptomatic relief for children with these common and annoying illnesses. The significant placebo effect found warrants consideration as health care providers and parents determine how best to manage the disruptive symptoms that occur in the setting of upper respiratory tract infections among young children. Placebo could offer some perceived benefit, although at a financial cost, while reducing inappropriate antibiotic prescribing.
